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FIELD OF THE INVENTION 

This invention relates to a method , reagent and test 
device suitable for testing the levels of toxic ammonia 
potential for water, in particular in aquariums. 

BACKGROUND OF THE INVENTION 

Aquariums represent one type of closed environment in 
which production of ammonia naturally occurs. Those natural 
£| occurrences are the decomposition of plants, dead fish, 
fljl uneaten food and waste excreted by the fish. In nature, the 
G[i problems of ammonia accumulation are often solved by a 

biological process called the nitrogen cycle. That is, the 
hi ammonia is converted through nitrite to nitrate, which can 
^ then be used by the plants in the water. While this cycle 
C| does occur in aquariums, ponds or septic tanks, the 
^ equilibrium is heavily shifted in favor of ammonia production 
gH because of the limited, confined environment. As a result, 
ammonia levels rise. 

Toxic ammonia, at levels of from as low as 0.01 ppm to 
0.02 ppm for sustained periods can kill fish! As a result, 
more often than not when an unsuspecting aquarium owner finds 
dead or dying fish, it is a result of production of high 
levels of ammonia within the aquarium tank. 

Aquarium owners have several options available to them 
in order to avoid a rise in dissolved ammonia gas level in 
the tank. For example, frequent water changes, and efficient 
chemical and biological filtration often can be used to keep 



ammonia in check. However, unless one can measure the amount 
of ammonia potential in a given tank, the owner is literally 
in the dark as to whether or not there is an increased risk 
of a fish kill by toxic ammonia. For this reason, ammonia 
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has sometimes been referred to as the invisible killer of 
aquarium fish. 

For many years , various methods of monitoring ammonia 
concentrations have been available. The most frequently used 
methods are based on chemistries that make use of Nesslers 
reagent or Salicylate. These methods typically involve 
mixing chemicals and waiting 5-20 minutes for a result. 

Traditional methods involve the use of liquids, powders 
or tablets. Liquid test kits have the benefit of being easy 
to mix. However, liquid reagents are, in general, unstable 
and lose their accuracy rapidly over time. Also, some of the 
liquids used are toxic, and the opportunity for spills and 
accidental ingestion is possible. Powder test kits are more 
stable and have an improved shelf life. They are easy to use 
but involve many steps, and accidental spills of dangerous 
chemicals can result when opening the sachets. 

Of these forms of test kits, the safest to handle are 
probably those that involve the use of tablets. They are 
simple to use and have good chemical stability. It does, 
however, take time and effort to dissolve the tablets in the 
water sample, and a lengthy wait is still required before a 
reading can be taken. 

It therefore can be seen that there is a real and a 
continuing need for the development of a quick-acting test 
for ammonia potential in aquariums. It is a primary object 
of this invention to fulfill this need. 

Another object of the present invention is to provide a 
quick-acting test which is especially adapted for use with 
test strips, as opposed to loose powder, tablets, or liquid 
chemicals . 

A yet further object of the present invention is to 
provide a test strip which can be used to test ammonia 
potential of aquariums or other water samples within one 
minute or less. 

Another object of the present invention is to provide a 
quick-acting test which uses a chromogenic indicator which 
responsively and discriminatingly changes color upon contact 



with dissolved ammonia gas, and as such can be compared with 
standard color intensity charts to determine the potential 
for toxic ammonia of any given water sample. 

Another example is to provide reagent strips which can 
be conveniently packaged in a simple container to increase 
shelf life and which are easy to use by consumers. 

The method and manner of accomplishing each of the above 
objectives , as well as others, will become apparent from the 
following detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a perspective view of a test strip of 
this invention . 

Figure 2 shows a side view of a test strip of this 
invention. 

Figure 3 shows a rear view of a test strip of this 
invention. 

Figure 4 shows a test strip of this invention placed 
inside of a small selected sample in the process of being 
dipped and swished to allow materials to escape from the soda 
lime reagent pad into the test sample, which can then be 
tested for ammonia gas that passes through the membrane to 
the indicator material. 

Figure 5 shows a comparison chart using one responsive 
and discriminating indicator mix to correlate with parts per 
million of toxic ammonia. 

SUMMARY OF THE INVENTION 

A method, test reagent and device usable as a test strip 
for detecting toxic ammonia levels in water samples such as 
aquarium water^. The volume of the water to be tested is 
contacted with a soda lime reagent to raise the pH to at 
least 10, and simultaneously contacted with a hydrophobic 
barrier membrane capable of allowing ammonia gas to pass 
through. The membrane is coated with a pH chromogenic 
indicator mixture which responsively and discriminatingly 
changes color if ammonia gas passes through. The color 





response of the sample is compared with standard color charts 
to determine the toxic ammonia potential . 

DETAILED DESCRIPTION OF THE INVENTION 

Looking first at the drawings , it can be seen that this 
invention method can be most suitably performed with a test 
strip 10 • Test strip 10 has a handle portion 12 and two pads 
14 and 16. Pad 14 is a soda lime pad used to adjust the pH 
of a confined test sample (see Figure 4), and indicator pad 
16 , which provides the color change in a high pH environment 
,at least ^ . fmS^^^^^^S^'k^ handle 

A 

portion 12 by adhesive 22. Indicator pad 16 is comprised of 
a hydrophobic membrane 24 with a coating 26. Hydrophobic 
membrane 24 as explained below is porous and allows ammonia 
gas to pass through the membrane. When the gas passes 
through the membrane, it contacts indicator on indicator pad 
16 and changes color. It can be viewed from the back side 
(see Figure 3), and the change in color, if it occurs, is 
known therefor to selectively occur because of the presence 
of ammonia gas, which is the only gas that passes through 
that is responsive to the indicator. The color change can 
then be compared to a standard comparative chart (see Figure 
5) for a determination of the parts per million of total 
ammonia. In this way, the toxic ammonia potential risk of an 
aquarium can be at least semi quantitatively assessed as to 
whether it is safe (light yellow color), or at high risk 
(light green) or somewhere in between. 

Before discussing in detail the reagent system on the 
soda lime pad 14 and the indicator pad 16, certain 
constructional features of the test strips are worthy of 
mention. First, the handle 12 must be made of a clear, semi- 
rigid and inert plastic material. It must be clear so that 
an indicator change can be viewed from its back side (Figure 



that the test strip can be dipped and swished with a confined 
sample (see Figure 4). Many suitable polymeric substantially 
inert plastic materials could be used and will be apparent to 




semi-rigid to provide sufficient rigidity so 



4 




one of ordinary skill in the art. However , one suitable 
material is clear polystyrene which can be purchased from 
American National Can Company. Soda lime pad 14 is made of a 
carrier paper matrix of high absorbency quality. 

A preferred embodiment of the present invention involves 
the use of a carrier paper matrix for the soda lime pad 14. 
By using a carrier matrix such as bibulous paper to contain 
and carry to the test reaction sample 20 the pH adjusting 
system f it has been found that the pH of even highly buffered 
samples can be raised above 10. 

In its simplest form, a piece of bibulous filter paper 
of sufficient porosity and capillary affinity to cause the 
fluid being tested to migrate into the paper is coated or 
otherwise incorporated with the soda lime pad 14. When the 
strip 10 is immersed into a sample 20 to be tested, the test 
sample 20 contacts the pad 14, and the soda lime dissolves 
into the test sample 2 0 to adjust pH. The net result of 
using such a strip is that the volume of the ammonium ion 
present is deprotonated to ammonia gas and made available to 



through membrane 24 to contact the indicator. The paper of 
pad 14 and membrane of pad 16 can be affixed to an inert 
handle 12. 

A variety of papers can be used for soda lime pad 14. A 
preferred paper is Ahlstrom 939, which is a thick paper with 
high absorbency. This is preferred to deliver the maximum 
amount of base from soda lime pad 14 to test sample 20. 
During the impregnation, in fact the paper decreases in 
width, and this also aids in delivering the maximum amount of 
base by concentrating the amount of chemicals in the pad. 

The purpose of soda lime pad 14, as can be seen, is to 
provide pH adjustment of the confined sample 20 selected from 
the test water and placed into test tube 28. The precise 
material used in the soda lime pad is not critical, except 
that it must be a water soluble base system to provide a pH 
in test sample 20 upon dipping and swishing for approximately 
30 seconds, that is, at least 10. A pH of at least 10 in the 




The ammonia gas passes 
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defined sample 20 is required in order to provide 
deprotonation of ammonium ion in the test sample 20 to 
ammonia gas sufficiently to give an accurate result • It has 
been found that a suitable reagent mix for the soda lime pad 
14 is a saturated solution of calcium carbonate with added 
sodium hydroxide which effectively impregnates pad 14 with a 
mix of calcium and sodium hydroxides and carbonates. 
Preferred amounts of sodium hydroxide to calcium carbonate 
are 2 molar sodium hydroxide (80 gram/1) and 1.0 gram/liter 
of calcium^carbonate • When the test strip 10 is dipped into 
roa 2 0 , it should be vigorously moved with swishing of 
' the strip and movement up and down in the water sample 2 0 for 
approximately 30 seconds, making sure all the time that the 
pads are submerged. During this time, the alkaline material 
moves out from pad matrix of soda lime pad 14 and dissolves 
in the test - reagent sample 20. This raises the pH, allowing 
the deprotonation of ammonium ion present to ammonia. Thus, 
any concentration of ammonium ion present in the aquarium 
test sample is converted to ammonia gas at a high pH. 

If ammonia gas is present, it will come into contact 
during the dipping and swishing with hydrophobic membrane 24 
of indicator pad 16. tt^S^ffia^fcan be 
purchased from a variety of sources. Hydrophobic membranes 
which would absorb the pH indicators include but are not 
limited to: Versapore-H (Pall-Gelman) (a hydrophilic acrylic 
copolymer with a hydrophobic surface treatment); PVDF 
(polyvinylidene fluoride) membranes; Fluorotrans (Pall- 
Gelman) Immobilon (Millipore) Nylon; Hydrolon (Pall-Gelman) 
PTFE - supported on polypropylene or polyester; Tetratex 
(BHA-Tex); and Polypropylene from CUNO. Such a membrane is 
fibrous, and has a high degree of porosity • One suitable 
membrane is a polypropylene membrane available from Cuno 
which is naturally hydrophobic, has high air permeability, 
low extractables , and a broad range of chemical resistance. 
Pore sizes for the membrane are available from a nominal 
0.6 microns to 10 microns. Preferred pore size is from 0.2 
microns to 2.5 microns, preferably 0.6 microns to 

6 



1.2 microns , and most: preferably about 0.6 microns. Cuno 
Filter Systems, from which such membranes are obtainable, is 
located at 400 Research Parkway, Meridian, Connecticut 06450 
USA. 

Conceivably, other alpha olefin polymeric inert 
hydrophobic barrier materials also can work for the present 
invention. This porous membrane, which is hydrophobic by 
nature of its property, is preferably about 5 mm thick. The 
criteria to be remembered is that it must be sufficiently 
thin to allow enough ammonia to diffuse to the back side of 
the membrane 24 so that an indicator color change is 
detectable through the handle of test strip^T^. The test is 
read through the back side to avoid any interference from the 
highly alkaline water coming in contact with the indicators. 

The membrane 24 is coated on both sides with an excess 
of a composition which will adhere an indicator system to 
membrane 24 of indicator pad 16 . Any indicator system that 
will responsively and discriminatingly change color in the 
presence of contact with ammonia and has some hydrophobicity 
can be used. The terms responsively and discriminatingly 
mean that a color change in fact occurs, and that depending 
upon the concentration of ammonia, gradients of color 
intensity can be achieved to indicate concentrations on a 
parts per million level of ammonia (see Figure 5). One 
suitable indicator mixture is bromophenol blue (free acid), 
bromocresol green, sodium salt, and bromocresol purple (free 
acid) as pH indicators. Each indicator undergoes a color 
change from yellow to green at differing pH intervals, except 
for bromocresol purple, which changes from yellow to purple. 
Bromophenol blue and bromocresol green, and the sodium salts 
of each are balanced to give the needed sensitivity, while 
addition of the bromocresol purple aids resolution at the 
higher ammonia concentration levels. Possible indicators, 
used alone or in mixtures, include but are not limited to 
Bromophenol Blue, Xylenol Blue, Bromocresol Purple, 
Tetrabromophenolphthalein Ethyl Ester, Bromocresol Green, 
Ethyl Red, Chlorophenol Red, Congo Red, Thymol Blue, 



Tetraiodophenolsulf onephthalein , Tetrabromophenol Blue , and 
Methyl Red. 

4- (Tert-Octyl ) phenol facilitates penetration of the 
membrane by the indicators and also coats the membrane. 
Brij® 76 is a surfactant which assists in coating the 
membrane and transporting the ammonia through the membrane. 
Ethyl cellulose acts as a stabilizer for both the indicators 
and the (tert-octyl) phenol. The addition of ethyl cellulose 
also helps to control the water breakthrough interference by 
enhancing the hydrophobic ity of the matrix. 

EXAMPLES 

The following examples are offered to further illustrate 
but not limit the process of the present invention. In the 
examples test strips in accordance with the above description 
were prepared and then tested against known concentrations of 
ammonia in order to validate the testing. 

The polystyrene material used for the handle was 
purchased from American National Can. Soda lime pad 14 was a 
0 . 2 inch by 0.4 inch reagent pad having a weight percent of 
sodium hydroxide of 9.54%, and it was a weight percent of 
calcium carbonate at 0.12%. 

The hydrophobic membrane of indicator pad 16 was a 
polypropylene membrane, naturally hydrophobic obtained from 
Cuno Filter Systems with a pore size of 0.6 microns. It was 
coated with a pH indicator dye/adhesive mixture with ethyl 
cellulose of reagent solution having the following 
concentrations: 
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TABLE I 


DESCRIPTION 


IX 




Mil CrTl'E>'D 


( tert-octyl ) phenol 


130 g 


bromophenol blue (free acid) 


0.65 g 


bromocresol green , Sodium Salt 


1.70 g 


bromocresol purple (free acid) 


0.34 g 


reagent alcohol 


213 g (270 ml) 


Brij 76 


1.50 g 


toluene 


520 g (600 ml) 


ethyl cellulose - 4 


12.9 g 



Test strips 12 were then used in the testing. Test tube 
2 8 was filled with ammonia standard solutions to the level of 
approximately 3 ml. Test strip 12 was vigorously moved up 
and down in the water sample for 30 seconds , making sure that 
all pads were submerged. The test strip was removed , and 
excess water shaken off. 30 seconds was allowed to pass for 
color to fully develop. The test strip was then held with 
the pads facing away from the person conducting the test and 
read on the small end pad 22 through the back of the plastic 
strip 12. It was then compared to a color chart (see Figure 
5) and the results recorded. Accuracy comparisons are shown 
in the table below indicating good correlation , and that the 
test worked and performed all the stated objectives of the 
present invention . 



• # 



Ammonia Concentration I 


Nominal Test Strip | 




| SUMMARY VALUES I 


6.0 
3.6 
5.9 
0.403 


Ammonia Concentration 


Nominal Test Strip 


^^^^^^^^^^^^^^^^^^^^^ 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 


6.0 
2.6 
3.3 
0.659 


Ammonia Concentration 


Nominal Test Strip 


dodo cicic>o ocDOOQO^cio<DC>c>oc>ciG 
pppppppppppppppppppppppppppppppppppp 


1.0 
0.60 
0.89 
0.122 




Ammonia Concentration 


Nominal Test Strip 


oooodddddddddddddddo'dddddddddddddddd 


0.50 
0.30 
0.46 
0.050 


Ammonia Concentration 


Nominal Test Strip 


3s99999999995§99ig999g99999999999999 
993999398939939839999339999999989933 


0.38 
0.08 
0.23 
0.050 


I Ammonia Concentration 


I Nominal Test Strip | 


oooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooo 


Max 
Min 
Ave 

Std.Dev 



